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Smoking During Pregnancy:  Its Effects on the Prevalence of Low Birth Weight Infants 
Abstract 
Objective: The purpose of this research was to determine what impact demographic 
characteristics and the smoking status of mothers had on the prevalence and risk for LBW births. 
Methods: Birth certificate data from Montgomery County, Ohio from 2006-2009 was analyzed.  
Among the information collected were the infant’s birth weight, the mother’s age, marital status, 
education level, race, payer status at time of delivery, WIC status, and smoking status.  The 
impact demographic characteristics and smoking status had on the prevalence of LBW births was 
determined by a logistic regression model.  The effect of when women smoked during pregnancy 
had on the birth weight of the infant was determined using a one-way ANOVA analysis. 
Results: Women who were significantly at risk for having a LBW infant were age 35 and over 
(OR: 1.60), not married (OR:  1.31), had a high school or less level of education (OR:  1.57), 
black (OR: 1.83), not on WIC (OR:  1.35), on Medicaid (OR: 1.21), or self paid (OR:  1.37). 
Women who smoked during pregnancy also had a significant risk for having LBW infants and 
the risk increased with the amount of cigarettes smoked:  1-10 cigarettes/day (OR: 1.64), 11-20 
cigarettes/day (OR: 1.92), and > 20 cigarettes/day (OR:  2.31). For women who quit smoking 
prior to pregnancy or who quit during the 1st trimester there were no significant changes in infant 
birth weights compared to the non-smokers.  However, mean infant birth weight significantly 
changes for women who quit smoking during the second trimester or women who continue to 
smoke through the third trimester compared to nonsmokers and women who quit prior to 
pregnancy. 
Conclusion: Since smoking during pregnancy increased a woman’s risk for having a LBW
infant, it should be recommended that pregnant women who smoke be provided with information 
of these risks and support to quit smoking. 
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Introduction
According to Ohio’s Pregnancy Risk Assessment Monitoring System (PRAMS) for 2007, 
18% of the women surveyed smoked during the last 3 months of pregnancy (Ohio PRAMS, 
2008). Smoking during pregnancy, defined as having smoked in the last 3 months of pregnancy, 
has been associated with many undesirable outcomes.  It remains as one of the most common 
preventable causes of infant mortality and morbidity and increases the risk for pregnancy 
complications and poor pregnancy outcomes (Tong, Jones, Dietz, D'Angelo, & Bombard, 2009).  
According to the Centers for Disease Control and Prevention (CDC), during 2000 – 2004, an 
estimated 776 infants died annually from causes attributed to maternal smoking during 
pregnancy (Tong et al., 2009). Since smoking during pregnancy causes poor outcomes for both 
mother and child, it has also resulted in added health care expenditures.  It is estimated that 
smoking-attributable neonatal expenditures were $366 million in the United States, or $704 per 
maternal smoker (State estimates, 2004). 
Smoking during pregnancy has also been strongly been associated with impairment of 
fetal growth, leading to an average reduction in birth weight of 200 grams and doubling the risk 
of having a low birth weight (LBW) baby of less than 2500 grams (Andres & Day, 2000).  This 
reduction in birth weight by smoking mothers is remarkably consistent from study to study.  
According to the CDC, the percentage of LBW babies born has generally been on the rise over 
the last two decades (Martin et al., 2006).  LBW infants have strongly been associated with 
perinatal morbidity and mortality (Andres & Day, 2000) and have a strong tendency to develop 
several adulthood diseases including cardiovascular disease and type-2 diabetes (Ong & Dunger, 
2002). 
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Purpose of the Study 
The purpose of this study is to determine the impact demographic characteristics (age, 
marital status, education level, race, WIC status, and payer status) and smoking status has on the 
prevalence of LBW infants in Montgomery County, Ohio.  In addition, the prevalence of 
demographic characteristics will be determined for women who smoked during pregnancy and 
for women who gave birth to LBW infants.  This study will also determine the effect of when a 
woman smokes during pregnancy has on the infant birth weight.  
Significance of the Study 
This study will help provide information, on a local level, to health care providers about 
which specific populations are more likely to smoke during pregnancy.  With this information 
specific demographic groups could be targeted with smoking cessation programs. 
Furthermore, this study would demonstrate how smoking during pregnancy can affect the 
prevalence of low birth weight infants compared to those who did not smoke during pregnancy.  
This information could show health care providers the importance of smoking cessation 
programs among pregnant women. 
Review of Literature 
Introduction 
According to the CDC, “despite increased knowledge of the adverse health effects of 
smoking during pregnancy, estimates of women smoking during pregnancy range from 12% up 
to 22% (Highlights, 2001). Two Healthy People 2010 national health objectives that addressed 
smoking during pregnancy were to reduce the prevalence of cigarette smoking during pregnant 
women to 1% and to increase the percentage of pregnant smokers who stop smoking during 
pregnancy to 30%. Although several states have met the second objective, none of the states 
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have the achieved the first objective (Tong et al., 2009).  One important Healthy People 2020 
national health objective that addressed smoking during pregnancy was to increase abstinence 
from cigarettes among pregnant women by 10% (Maternal, Infant, and Child Health, 2011). 
Smoking during pregnancy has been strongly linked to higher incidences of low birth 
weight (Andres & Day, 2000).  In 2007, according to Ohio PRAMS, 9.0% of babies born were 
low birth weight (Ohio PRAMS, 2008).  According to the CDC, the singleton low birth weight 
has been on the rise, increasing 10% from 1990 through 2006 (Martin et al., 2010).  Low birth 
weight (LBW), defined as weighing less than 2500 grams at birth, is a strong risk factor for 
perinatal mortality and morbidity (Jaddoe et al., 2008).  For LBW infants, the mortality rate 
rapidly increases with decreasing weight (McCormick, 1985).  LBW infants are almost 40 times 
more likely to die in the neonatal period compared to normal weight infants (McCormick, 1985).  
Furthermore, LBW is closely related to neonatal and long-term morbidity (Chiolero, Bovet, & 
Paccaud, 2005).  LBW infants are more susceptible to deafness, blindness, epilepsy, chronic lung
disease, learning disabilities, and attention deficit disorder (Paneth, 1995).  In adults LBW has 
been associated with an increased rate in coronary heart disease, stroke, hypertension, and type 2 
diabetes (Barker, 2006). 
Finally, the high rates of morbidity and mortality due to LBW “impose an immense 
burden on the health, education, and social services, and on families” (Petrou, Sach, & Davidson, 
2001). Due to some abnormalities experienced by LBW infants such as cerebral palsy, 
blindness, and deafness, the increased use and cost of healthcare consumed by these LBW
infants continues into childhood (Petrou et al., 2001).  Children who were LBW infants at birth 
are also more likely to experience high rates of school failure and learning problems which add 
to the economic burden (Petrou et al., 2001).  These extra economic costs are likely due to LBW
7 

 
 
Smoking During Pregnancy:  Its Effects on the Prevalence of Low Birth Weight Infants 
children needing special education instruction as they reach school age (Chaikind & Corman, 
1991). In addition, there is a high cost of the social services associated with LBW infants 
including developmental services, day care programs, case management, and counseling (Petrou 
et al., 2001). The cost of LBW infants is such a substantial number that it has been estimated 
that the annual direct cost of LBW continues to exceed the cost of AIDS (Lewit et al., 1995). 
Causes of LBW births. There are both modifiable and non-modifiable factors that can 
influence incidences of LBW births.  Examples of modifiable factors include environmental and 
maternal behavioral factors.  Examples of non-modifiable factors include genetics and certain 
maternal medical conditions. 
It is estimated that 40% of the infant birth weight is due to heredity and 60% is due to 
environmental factors (Bernabé et al., 2004).  For instance, a significant relationship is noted 
between the mother’s birth weight and the infant’s birth weight.  Small mothers or mothers who 
were small at birth are more likely to have small babies (Bernabé et al., 2004).  Another study 
suggested that “some people may be born with a gene that causes an inbuilt resistance to insulin, 
resulting in the birth of small thin babies” (Ashdown-Lambert, 2005).  Also, certain 
chromosomal factors have an effect on infant birth weight.  Due to the Y chromosome in male 
infants, females tend to weigh between 125 and 135 grams less than males (Cogswell & Yip, 
1995). Other chromosomal anomalies such as trisomy 21, trisomy 18, and Turner’s Syndrom all 
can cause an infant to weigh less at birth (Bernabé et al., 2004). 
Certain medical risks and pregnancy complications can also lead to higher incidences of 
LBW births.  The medical risks include chronic hypertension, one of the most common medical 
conditions in pregnancy, diabetes with vascular disease, and auto-immune conditions, such as 
antiphospholipid syndromes and systemic lupus erythematosus (Bernabé et al., 2004; McCowan 
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& Horgan, 2009). Pregnancy complications that can impact incidences of LBW births include 
gestational hypertension, gestational diabetes, placental causes, vaginal bleeding, anemia, and 
infections that can cross the placenta and cause harm to the fetus (Bernabé et al., 2004). 
Finally, there are several environmental factors that can have an impact on an infant’s 
birth weight. Several maternal substance exposures were found to increase incidences of LBW 
including cigarette smoking (considered to be the single most important risk factor of small 
gestational age infants in developed countries), moderate to heavy alcohol consumption, and 
illicit drug use, especially cocaine (Bernabé et al., 2004; Cogswell & Yip, 1995; McCowan & 
Horgan, 2009). Certain environmental exposures have also been known to cause higher 
incidences of LBW infants. These include exposure to certain toxic substances, agricultural 
contaminates of groundwater, heavy metals, air pollution, and pesticides (Bernabé et al., 2004; 
Miranda, Maxson, & Edwards, 2009). Last, maternal nutrition plays a role in incidences of 
LBW infants.  Studies have shown that poor fetal growth can result from a deficiency of protein 
and energy as well as inadequate intake of micronutrients especially during the rapid growth 
stages of early pregnancy (Abu-Saad & Fraser, 2010). 
Maternal smoking relating to higher risks of LBW births. Many studies have been done 
on the relationship between maternal smoking and birth weight.  The studies all agree that infants 
of active smokers have significant reductions in mean birth weight.  This difference in weight 
varied from 100-280 grams (Windham, Hopkins, Fenster, & Swan, 2000; Chiolero et al., 2005; 
Andres & Day, 2000; Jaddoe et al., 2008). The greater the number of cigarettes a woman 
smoked during pregnancy the less the infant tended to weigh at birth.  One study noted that the 
relationship between tobacco exposure and birth weight was not linear and that the sharpest drop 
in weight occurred at low levels of smoking (England, Kendrick, Gargiullo, Zahniser, & Hannon, 
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2001). According to studies for those women smoking 1-9 cigarettes per day, 10-19 cigarettes 
per day, and 20 or more cigarettes per day the decline in birth weight compared to the non­
smokers was 130 grams, 230 grams, and 275 grams, respectively (Chiolero et al., 2005; Andres 
& Day, 2000). 
Several studies have also been conducted on how maternal smoking relates to higher 
risks of low birth weight. Previous studies have shown that compared to non-smokers maternal 
smokers have a greater chance of delivering a LBW infant with odds-ratios varying from 1.3 – 
4.0 (Windham et al., 2000; Raatikainen, Huurinainen, & Heinonen, 2007; Chiolero et al., 2005; 
Andres & Day, 2000; Jaddoe et al., 2008). This has been shown to be a dose response 
relationship, with women smoking the greatest number of cigarettes per day having the greatest 
risk for LBW infants (Windham et al., 2000; Chiolero et al., 2005; Jaddoe et al., 2008).  These 
studies noted that for women smoking 1-9 cigarettes per day the odds-ratio varied from 1.3 to 1.7 
and for women smoking 10 or more cigarettes per day the odds –ratios varied from 2.6 to 4.0.  
One study noted that for LBW, the association was not largely different for heavy smokers (> 10 
cigarettes per day) as it was to moderate smokers (1-9 cigarettes per day) (Chiolero et al., 2005).  
This study found that for mothers smoking 10-19 cigarettes per day and 20 or more cigarettes per 
day, the risks for having a LBW infant were relatively similar, 3.5 and 4.0 respectively.  This 
suggested a plateau effect. 
Demographic characteristics of women who smoke during pregnancy. Several 
demographic characteristics are associated with smoking during pregnancy.  The first 
demographic factor that is highly associated with maternal smoking is age.  Many studies have 
found that younger women are more likely to smoke than older women (Schneider & Shütz, 
2008; Penn & Owen, 2002; Jaddoe et al., 2008). One study suggested that younger women are 
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more apt to smoke since 90% of smokers began the habit by the age of 20 (Albrecht et al., 1994).  
This same study also reported that approximately 40% of mothers younger than 20 smoked 
during pregnancy compared to 15% of mothers of 30 to 40 years of age (Albrecht, Rosella, & 
Patrick, 1994).  Additionally, according to the CDC, in 2005, the prevalence of smoking was 
highest among women aged 20-24 years (20.7%) and lowest among women 35 years and over 
(Tong et al., 2009). 
Race also is an important characteristic of smoking status among pregnant women.  
According to PRAMS, in the United States in 2005, the highest smoking rates during pregnancy 
were Alaska Natives (36.3%), followed by American Indians (20.6%), Whites (18.5%), Blacks 
(10.1%), Asian/Pacific Islanders (5.4%), and Hispanics (4.0%) (Tong et al., 2009).  Many other 
previous studies report that white pregnant women are more likely to smoke than black women 
(Schneider & Shütz, 2008). This may be due to several reasons.  In a study examining the 
smoking initiation in youths, it was found that African American females, compared to other 
races, were much more likely to view being a non-smoker as something to strive for and saw it 
as being associated with a positive self-image (Mermelstein, 1999).  In addition, African 
American youth had much stronger anti-smoking messages from parents and were less likely to 
be influenced by peer smoking compared to white youths (Mermelstein, 1999).   
The level of education of women also has a strong influence on smoking status during 
pregnancy. Studies have shown that women of less education are more likely to smoke 
compared to their more educated counterparts (Schneider & Shütz, 2008; Penn & Owen, 2002; 
Jaddoe et al., 2008). One study found that women who left full-time education at ages 15 and 16 
were more likely to smoke during pregnancy compared to those who stayed in school until they 
were at least 21 (Penn & Owen, 2002).  Another study also reported that 27% of women with 12 
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or fewer years of schooling smoked, compared with only 12.5% of those with 16 or more years 
of schooling (Albrecht et al., 1994). Education level is a frequently used indicator of 
socioeconomic status and is associated with risk factors that contribute to smoking such as a 
“person’s lifestyle, social performance, and psychosocial adjustment, including the participation 
in the labor force, family roles, parenting, and psychological well being” (Kandel, Griesler, & 
Schaffran, 2009). It was also found that adolescents who perform poorly in school are linked to 
higher rates of experimentation with cigarettes (Graham, 2009). 
Additionally, marital status plays a significant role in a woman’s smoking status during 
pregnancy. Previous studies report that women who are single are much more likely to smoke 
compared to their married counterparts (Schneider & Shütz, 2008).  Penn and Owen (2002) 
found that single, separated, and divorced women were much more likely to be pregnant smokers 
than married women.  Likewise, according to the CDC, in a 2006 study of women of 
reproductive age (18-44 years) who smoked, 15.8% were married, while 58.2% were never 
married, divorced, widowed, or separated (CDC, 2008).  Single motherhood has been “long 
recognized as a socio-demographic risk factor associated with smoking during pregnancy” and 
evidence suggests that lack of paternal support affects whether or not a pregnant woman would 
quit smoking (Kiernan & Pickett, 2006).  In addition, marital status may indicate other 
underlying issues such as socio-economic status that may link marital status with maternal 
health-related behaviors, such as smoking (Kiernan & Pickett, 2006). 
Finally, socio-economic status in an important indicator of whether or not a woman 
smokes during pregnancy.  Many studies have shown that women of lower income are more 
likely to smoke compare to their counterparts (Schneider & Shütz, 2008; Penn & Owen, 2001; 
Albrecht et al., 1994; Ebert & Fahy, 2007).  One study reported that among low-income pregnant 
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women in an urban setting, smoking rates were 42% for those women enrolled in a Women, 
Infants, and Children (WIC) Supplement nutrition program (Albrecht et al., 1994).  The 
economically disadvantaged face many sources of stress, including “living in disruptive home 
environments and violent neighborhoods, feeling isolated and lacking support” (Pletch, Morgan, 
& Pieper, 2003). For those women living in poverty “evidence shows that smoking is deeply 
woven into the strategies that they develop to cope with caring and to survive in circumstances of 
hardship (Graham, 1993).   
Demographic characteristics of women who give birth to LBW infants.  There are several 
demographic characteristics that are associated with incidences of LBW births.  It has been 
found that women between the age of 15 and 19 years and between 35 and 40 years are all more 
likely to give birth to a LBW infant (Bernab] et al., 2004). In the case of the adolescent mother 
it was suggested that often these mothers are shorter and weigh less than adult mothers and small 
mothers are more likely to give birth to small infants (Stevens-Simon & McAnarney, 1988).  
Adolescent mothers are also much more likely to be single, have a lower income, inadequate 
prenatal care, and lower antenatal maternal weight which all can lead to higher incidences of 
pregnancy complications including LBW infants (Bernabé et al., 2004).  On the other extreme, 
mothers who are older than 35 also have a higher risk for pregnancy complications (Bernabé, 
2004). Mothers of advanced age are more likely to have an increase chance of having multiples, 
to have preexisting hypertension, and to have diabetes which all can lead to a greater chance of 
having a LBW infant (Usta & Nassar, 2008). 
Race also plays a role in occurrences of LBW infants.  Studies have shown that black 
women are more likely than white women to have LBW infants which may be due to differences 
in genetic and environmental factors (Bernabé et al., 2004; Roth, Hendrickson, Schilling, & 
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Stowell, 1998; Cogswell & Yip, 1995). The CDC reported that in 2007, 5.32% of white women 
who gave birth to LBW infants compared to 11.78% of blacks (Martin et al., 2010).  These 
higher LBW incidences that occur among the black population is likely because a greater portion
of black infants are born with certain risk factors for LBW including the mother’s socioeconomic 
status, education, marital status, and age (Cogswell & Yip, 1995).  One study noted that “African 
American pregnant women are less likely to receive medical advice, information about health 
risks and complications, and common prenatal treatments,” leading to higher incidences of 
adverse prenatal outcomes, such as LBW infants (Dominguez, 2008). 
Education level can also influence incidences of LBW infants.  Studies have found that 
babies born to white mothers with 12 years of education were approximately 82 grams heavier 
than babies born to white mothers with less than 12 years of education (Cogswell & Yip, 1995).  
Numerous studies have found that the average infant birth weight increases with greater maternal 
education and have suggested that mothers with lower education level are more likely to give 
birth to LBW infants (Cogswell & Yip, 1995). This is likely due to the fact that mothers with 
less education tend to have a higher incidence of risk factors associated with giving birth to LBW 
infants such as being young, having less access to prenatal care, smoking during pregnancy, and 
being less likely to gain adequate weight during pregnancy (Cogswell & Yip, 1995).  A low 
education level also is likely to limit access to jobs and other social services and increase the risk
of poverty (Abu-Saad & Fraser, 2010). 
Marital status is also an important risk factor for LBW infants.  According to the CDC, in 
2005, of the women who smoked before, during, or after delivery, 56% were not married while 
44% were married (Tong et al., 2009). Other studies have also shown the LBW infants are often 
children of single mothers, which is also related to other risks factors such as a younger maternal 
14 

 
 
 
 
Smoking During Pregnancy:  Its Effects on the Prevalence of Low Birth Weight Infants 
age or the mother being part of a couple in which the father is not present (Bernabé et al., 2004; 
Roth et al., 1998). Women who were unmarried were also more likely to have other risk factors 
associated with occurrences of LBW births, such as being of adolescent age, unemployed, being 
under emotional stress, and having a lack of social support (Raatikainen, Heiskanen, & 
Heinonen, 2005). 
Finally, socio-economic status plays a role in incidences of LBW infants.  It’s been 
proven that unfavorable socio-economical conditions increase the risk of having a LBW infant 
(Bernabé et al., 2004; Ashdown-Lambert, 2005; Steven-Simon & McAnarney, 2008).  This may 
be because low socio-economic conditions are related to maternal malnutrition, low-education 
level, smoking, drug abuse, stress, and inequalities in health care (Bernabé et al., 2004).  It’s 
been suggested that low socioeconomic status doesn’t directly affect birth outcome, but rather 
leads to unhealthy exposures, such as substance use/abuse, physically demanding work, lack of 
access to quality prenatal care and stress, which can increase the risk of adverse birth outcomes 
(Abu-Saad & Fraser, 2010). 
Current Recommendations for Preventing LBW 
According to the March of Dimes, there are several things that a woman can do to reduce 
her risk of having a LBW infant. First, it is recommended that the woman see her health care 
provider for a preconception checkup to make sure she is healthy as possible before she 
conceives. Also, the woman should work with the health care provider to control chronic 
diseases she may have, such as hypertension and diabetes.  Next, although taking folic acid 
before and early in pregnancy can help prevent birth defects of the brain and spine, taking folic 
acid throughout pregnancy may help reduce the risk of having a premature and LBW baby.  It is 
also strongly recommended that she stop smoking before she becomes pregnant and remain 
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smoke-free throughout the entire pregnancy.  In addition, it is important for the woman to get 
early and regular prenatal care to allow the health care provider to identify and treat problems 
early. It is also vital for the pregnant woman to call her health care provider immediately if she 
suspects she may be in early labor.  If she is in labor, the provider can give her medication to 
delay or stop delivery. Finally, for a woman who has a history of premature birth in a prior 
pregnancy, she may ask her provider if she can be prescribed progesterone which can reduce the 
risk of having another premature baby by one-third (Low birthweight, 2008). 
Current Recommendations for Quitting Smoking During Pregnancy
There are several strategies recommended by the CDC for pregnancy women to quit 
smoking and prevent relapse.  First, the CDC recommends that clinicians offer smoking 
cessation interventions to pregnant smokers at the first prenatal visit and continue throughout the 
pregnancy. Second, the CDC suggests that Medicaid should cover smoking cessation counseling 
services and medications.  Finally, the third strategy involves increasing the unit price for 
tobacco products which could help reduce smoking rates among pregnant women and relapse 
after delivery (Preventing Smoking and Exposure, 2007). 
The Surgeon General Report also stresses important strategies for preventing smoking 
during pregnancy. The Surgeon General stresses the importance of clinicians providing smoking 
cessation counseling (5 to 15 minutes) and self-help materials to significantly increase the 
cessation rate among pregnant smokers.  In addition, the report states that smoking cessation 
interventions should continue after the pregnancy to prevent relapse and should also include 
partners who smoke.  The Surgeon General also implies that in order for there to be larger 
reductions in prenatal smoking it is important that comprehensive tobacco control policies be 
implemented to decrease smoking prevalence among women of reproductive age.  Finally, the 
16 

 
 
 
 
Smoking During Pregnancy:  Its Effects on the Prevalence of Low Birth Weight Infants 
report suggests the need to explore the use of pharmacologic approaches, such as nicotine 
replacement therapy, in order to help the women who are unable to stop smoking achieve success 
(How Tobacco Smoke, 2007). 
Demographic Characteristics of Montgomery County, Ohio 
According to the U.S. Census data for 2000, there were 559,062 residents (268,371 males 
and 290,691 females) who lived in Montgomery County, Ohio.  The ages of the residences were 
under 18 years (24.6%), 18 to 64 years (61.6%), and 65 years and over (13.7%) with a median 
age of 36.5 years. Of the residents, 76.6% were white, 19.9% were black or African-American, 
0.2% were American Indian and Alaska Native, and 1.3% were Asian.  Of the population 1.3% 
were Hispanic or Latino. In this Montgomery County population, of those age 25-64 years, 
88.1% had a high school degree or higher and 25.0% had a bachelor’s degree.  Of those 15 years 
and older 54.8% of the males were married and 48.8% of the females were married.  In 1999 the 
median household income was $40,156 and 8.3% of the families and 11.3% of the individuals 
were below the poverty level (Fact Sheet – Montgomery County, Ohio, 2000). 
Summary 
As discussed, there are several factors, heredity and environmental, that cause higher 
incidences of LBW births. Demographic characteristics play a significant role in these higher 
incidences. Previous research has found that mothers who are younger than 19 or older than 35, 
black, who have a lower education level, single, or have a lower socio-economical status are all 
more likely to give birth to a LBW infant.  Finally, smoking during pregnancy, noted in 
numerous studies, is one preventable risk factor that had been found to have a strong relationship 
to increase risk of LBW infants.  The mothers who smoked during pregnancy were most likely to 
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be young, white, have a low education level, single, and have a lower socio-economical status. 

(See Table 1)
 
Table 1: Demographic characteristics of mother who give birth to LBW infants and mothers 

who smoke during pregnancy 

Demographic characteristics of mothers 
who give birth to LBW infants 
Demographic characteristics of mothers 
who smoke during pregnancy 
Younger than 19 or older than 35 Young 
Black White 
Low education level Low education level 
Single Single 
Lower SES Lower SES 
Methods and Procedures 
Study Population 
Birth certificate data from Montgomery County, Ohio from 2006-2009 was analyzed for 
this study. The demographic characteristics studied of the women in this population were age, 
race, education level, marital status, payer, and WIC status.  Ages were divided into 6 groups:  < 
20, 21-25, 26-30, 31-35, 36-40, >40.  The race category was divided into whites, blacks, and 
other. The education level category was divided into those with a high school education level or 
less, those with some college, and with a Bachelor’s degree or above.  In this study, payer status 
and WIC status was used as a measure of socio-economic status.  Payer status refers to the 
principle source of payment the woman used for delivery and the categories included Medicaid, 
private insurance, self pay, and other.  WIC is special supplemental nutrition program for 
women, infants, and children that provides nutritious foods to supplement diets, information on 
healthy eating, and referrals to health care (USDA, 2009).  In order to be eligible for WIC, the 
woman’s gross income must fall at or below 185 percent of the U.S. Poverty Income Guidelines
(USDA, 2009). All demographic data were self-reported.   
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Design of the Study 
This study is a retrospective, cross-sectional design.  The WSU IRB approved this study.  
The women’s demographic characteristics, smoking status, and infant birth weight are current for 
the time the woman gave birth.  The mother’s demographic characteristics (age, race, education 
level, marital status, SES status) and smoking status are the independent variables.  The infant’s 
low birth weight status is the dependent variable. (See Table 2)  All data was deidentified.  
Table 2: Independent and Dependent Variables 
Independent variables Dependent variable 
Age LBW status 
Race 
Education level 
Marital status
SES status (payer and WIC status) 
Smoking status 
Data Analysis 
The prevalence of demographic characteristics (age, race, education level, marital status, 
WIC status, and payer status) was determined for all women who gave birth.  Descriptive 
statistics were determined for women who had LBW birth infants and those who did not, as well 
as women who smoked during pregnancy and those who did not.  The impact demographic 
characteristics and smoking during pregnancy had on the prevalence of LBW births was found 
by using a logistic regression model developed that included the mother’s age, race, education 
level, marital status, WIC status, payer status, and smoking status.  A one-way ANOVA analysis 
was used to determine the effect of when women smoked during pregnancy had on the birth 
weight of the baby. A P-value was considered significant at P < 0.05. 
Results 
Table 3 shows the demographic characteristics of the women who gave birth in 
Montgomery County, Ohio from 2006-2009.  There were 26,699 women in this study 
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population. The majority of women were between the ages of 21-25 (28.96%) and 26-30 
(29.15%). A high number of women were white (69.60%) or had a high school or less level of 
education (42.81%) compared to their counterparts.  In this population, 15.32% of mothers 
reported smoking during pregnancy. For those mothers who reported smoking, 79.26% reported 
smoking 1-10 cigarettes/day, 18.89% smoked11-20 cigarettes/day, and only 1.84% smoked more 
than 20 or more cigarettes/day.  In addition, 9.03% of mothers in this study population gave birth 
to LBW infants.
Table 4 shows the prevalence of maternal smoking and LBW infants among demographic 
characteristics in the study population.  In this study population there were 4,398 women who 
reported smoking during pregnancy. Women who were 30 years and under reported smoking 
more frequently than the other age groups, with those age 21-25 years reported the highest 
prevalence of smoking (20.25%).  Women who were not married (23.78%), had a high school 
level of education or less (23.78%), white (17.52%), on WIC (22.51%), or on Medicaid 
(25.14%) all reported smoking more frequently than their counterparts. Of the LBW births, 
23.16% were born to mothers who smoked while 76.69% were born to mother those who did not 
smoke.   
There were 2,591 women in this study who gave birth to LBW infants (Table 4).  LBW 
infants were more prevalent among women were not married (11.08%), had a high school level 
of education or less (11.13%), black (13.23%), were on Medicaid (11.22%), or self pay 
(11.20%). Mothers who were ≤ 20 years old (10.51%) and women who were 36-40 years old 
(11.50%) had a higher prevalence of LBW births compared to the other age groups.  Mothers of 
twins (55.55%), triplets (97.14%), and quads (100%) all had significant greater prevalence of 
LBW births compared to mothers of singletons (7.25%).  Of the non-smokers, 8.19% gave birth 
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to LBW infants while 13.64% of the smokers had LBW infants.  Of the mothers who smoked, 
the greater number of cigarettes per day a mother smoked led to higher prevalence of LBW
births; 13.25% for those who smoked 1-10 cigarettes per day, 14.44% for those who smoked 11­
20 cigarettes per day, and 22.22% for those who smoked > 20 cigarettes per day.    
The results of the logistic regression analysis on the impact of demographic 
characteristics and smoking during pregnancy had on the prevalence of LBW are shown in Table 
5. For this analysis women with multiple births and women who gave birth to infants weighing 
over 4,000 grams were excluded, leaving 25,400 women included.  Women ages 35 and over 
(OR: 1.60), not married (OR:  1.31), had a high school or less level of education (OR:  1.57), 
black (OR: 1.83), not on WIC (OR: 1.35), on Medicaid (OR:  1.21), or self paid (OR: 1.37) were 
all significantly at risk for having a LBW infant.  In addition, women who smoked during 
pregnancy also had a significant risk for having LBW infants.  The risk increased with increasing 
amounts of cigarettes per day: 1-10 cigarettes/day (OR:  1.64), 11-20 cigarettes/day (OR:  1.92), 
and > 20 cigarettes/day (OR: 2.31).
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Table 3: Characteristics of study population (n=28,699):  Women who gave birth in 
Montgomery County, Ohio 2006-2009. 
Characteristic No. % 
Age 
≤ 20 5,102 17.78
 21-25 8,312 28.96
 26-30 8,367 29.15
 31-35 4,777 16.65
36-40 1,843 6.42
>40 298 1.04
Marital Status 
Married 14,379 50.10 
Not married 14,260 49.69 
Unknown 60 0.21
Education 
≤ High school 13,150 42.81
Some college 9,202 27.85
≥ Bachelor’s degree 6,304 2.55
Unknown 43 0.15
Race
Caucasian (White) 19,975 69.60 
African American (Black) 7,992 27.85 
Other 732 2.55
WIC status 
Y 12,611 43.94 
N 16,003 55.76 
Unknown 85 0.30
Principle source of payment for 
delivery 
Medicaid 12,436 43.33
Private insurance 13,360 46.55 
Self pay 1,375 4.79
Other 1,528 5.32
Smoking in 3rd trimester
None 24,255 84.52
All smokers 4,398 15.32
     1-10 cigs/day 3,486 12.15
     11-20 cigs/day 831 2.90
      >20 cigs/day 81 0.28
Unknown smoking status 44 0.15
LBW (< 2500 grams) 
Y 2,591 9.03
N 26,091 90.91 
Unknown 17 0.06
Plurality 
Singleton 27,670 96.41
Twins 990 3.45
Triplets 35 0.12 
Quads 4 0.01
22 

 
 
 
 
   
 
     
 
      
 
  
    
     
    
  
     
      
     
     
 
     
    
   
 
 
    
     
    
    
  
    
    
    
     
     
     
      
      
         
     
 
    
   
    
    
 
 
Smoking During Pregnancy:  Its Effects on the Prevalence of Low Birth Weight Infants 

Table 4: Prevalence of maternal smoking and LBW infants among women in study population. 

Characteristic No. current 
smokers
% Current smokers
n=4398 
No. LBW % LBW n=2591 
Age
≤ 20 824 16.15 536 10.51 
 21-25  1,683 20.25 767 9.23
 26-30 1,204 14.39 641 7.66
 31-35 449 9.40 409 8.56
36-40 203 11.01 212 11.50 
>40 35 11.74 26 8.72
Marital Status
Married 1,075 7.48 1,007 7.00
Not married 3,305 23.18 1,580 11.08 
Unknown 18 30.00 4 6.67
Education
≤ High school 3,326 25.29 1,463 11.13
Some college 1,002 10.89 710 7.72
≥ Bachelor’s degree 66 1.05 412 6.54
Unknown 4 9.30 6 13.95 
Race
Caucasian (White) 3,499 17.52 1,477 7.39
African American (Black) 
876 10.96 1,057 13.23 
Other 23 3.14 57 7.79
WIC status
Y 2,839 22.51 1,256 9.96
N 1,549 9.68 1,324 8.27
Unknown 10 11.76 11 12.94 
Principle source of 
payment for delivery 
Medicaid 3,126 25.14 1,395 11.22 
Private insurance 866 6.48 942 7.05
Self pay 267 19.42 154 11.20 
Other 139 9.10 100 6.54
Smoking in 3rd trimester
None 1,987 8.19
All smokers 600 13.64
 1-10 cigs/day 462 13.25 
 11-20 cigs/day 120 14.44 
  >20 cigs/day 18 22.22
Unknown smoking status
4 8.70
LBW (< 2500 grams) 
Y 600 23.16 100 100 
N 3,798 14.56 0 0 
Unknown  
Plurality 
Singleton 4,273 15.44 2,006 7.25
Twins 125 12.63 547 55.25 
Triplets 0 0 34 97.14 
Quads 0 0 4 100 
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Table 5: Odds ratios of women who gave birth to LBW infants related to demographic 
characteristics and smoking status. 
Effect Odds ratios Confidence Intervals P-value 
Age 
≤ 20 1.10 0.97-1.24 0.1326
21-34 1.0 (reference) - -
≥ 35 1.60 1.37-1.86 < 0.0001
Marital Status 
Y 1.0 (reference) - -
N 1.31 1.15-1.49 < 0.0001
Unknown 0.91 0.30-2.74 0.8692
Education 
≤ high school 1.57 1.32-1.87 < 0.0001
Some college 1.20 1.02-1.42 0.0296
≥ Bachelor’s degree 1.0 (reference) - -
Unknown 2.85 0.97-8.33 0.0561
Race
Caucasian 1.0 (reference) - -
African-American 1.83 1.65-2.04 < 0.0001
Other 1.35 0.99-1.84 0.0579
WIC status 
Y 1.0 (reference) - -
N 1.35 1.21-1.51 < 0.0001
Unknown 2.38 1.09-5.20 0.0302
Principle source of 
payment for delivery 
Medicaid 1.21 1.06-1.38 0.0055
Private insurance 1.0 (reference) - --
Self pay 1.37 1.11-1.70 0.0036
Other 1.02 0.80-1.30 0.8514
Smoking in 3rd 
trimester 
None 1.0 (reference) - -
1-10 cigs/day 1.64 1.45-1.87 < 0.0001
11-20 cigs/day 1.92 1.53-2.41 < 0.0001
>20 cigs/day 2.31 1.22-4.36 0.0100
Unknown 0.79 0.23-2.75 0.7069
Table 6 shows the results of the one-way ANOVA analysis used to determine the effect 
of when women smoked during pregnancy had on the birth weight of the baby.  Women who had 
infants weighing over 4000 grams and women who had multiple births were excluded leaving 
25,401 women included in this analysis. This table shows that for women who quit smoking 
prior to pregnancy or during the 1st trimester there were no significant change in infant mean 
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birth weight compared to the nonsmokers.  However, the infants’ mean birth weights of the 
mothers who quit smoking during the 2nd trimester and for those who smoked during the 3rd 
trimester were significantly different from those of nonsmokers and those who quit prior to 
pregnancy. 
Table 6: Comparison of mean birth weight of nonsmokers and women who smoked prior to or 
during pregnancy. 
Category Birth weight LSMeans 
(grams) 
Standard Error 
Nonsmoker 
(n=19,776) 
3,228 ᵃ 3.65 
Last trimester smoked – 1st
(n=480) 
3,192 ᵇ 23.46 
Last trimester smoked -2nd 
(n=209) 
3,083 ᶜ 35.55 
Smoked during 3rd trimester 
(n=4,162) 
3,053 ᵈ 7.97 
Last smoked prior to pregnancy 
(n=774) 
3,237 ᵉ 18.47 
ᵃ  Significantly different from those who last smoked in 2nd trimester and those who smoked during 3rd trimester. 

ᵇ  Significantly different from those who smoked during 3rd trimester. 

ᶜ  Significantly different from those who were nonsmokers and those who last smoked prior to pregnancy.
 
ᵈ  Significantly different from those who were nonsmokers, those who last smoked in 1st trimester and those who last 

smoked prior to pregnancy.
 
ᵉ  Significantly different from those who smoked during the 3rd trimester. 

Discussion
Some demographic characteristics of the women who gave birth in Montgomery County, 
Ohio differ from other populations.  In this study population there is higher percentages of 
mothers who are African American and mothers who are unmarried compared to what was 
reported in the Ohio PRAMS Annual Data Summary for 2007:  27.85% vs. 15.0% of African 
Americans, and 49.69% vs. 37.3% of unmarried women, respectively (Ohio PRAMS, 2008).  
Previous research has shown that these groups all are more likely to give birth to LBW infants 
than their counterparts (Bernabé et al., 2004; Cogswell & Yip, 1995; Raatikainen et al., 2005) 
and would have an increase on the prevalence of LBW infants overall in this population. 
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The impact demographic characteristics had on the prevalence of LBW births were 
similar to what was found in previous literature.  In this study population, 9.96% of the mothers 
gave birth to LBW infants.  This is slightly higher than the 9.0% that was reported in Ohio 
PRAMS for 2007 (Ohio PRAMS, 2008). It is reported in the current study that women ≤ 20 
years old and those 36-40 years old are all more likely to have a LBW infant compared to the 
other age groups, which is reported in previous research (Bernabé et al., 2004).  In this study 
population, non-married women had a greater risk of having a LBW infant compared to their 
married counterparts (OR=1.31) which is a slightly higher risk compared to a previous study 
(OR=1.17) (Raatikainen et al., 2005). Previous research also showed a higher risk of LBW
infants among women who had a high school education (OR=2.3) (Cogswell & Yip, 1995), 
compared to the study population (OR=1.57).  In this study population the prevalence of blacks 
having a LBW infant was 13.23% and 7.39% for whites.  This was also similar to previous 
research with the prevalence of LBW births for blacks 11.53% and 4.90% for whites (Miranda et 
al., 2009). 
Interestingly, WIC participants were found to have a lesser risk of having a LBW infant 
than non-WIC mothers.  For this study WIC was used as an indicator of economic status and it 
was expected that mothers who participated in WIC were considered to be of lower SES and 
therefore have a greater risk of having a LBW infant.  However, the results found that 
participation in WIC was actually a protective factor in risks for LBW infants.  Because the WIC 
program provides nutritious foods to supplement diets, information on healthy eating, and 
referrals to health care (USDA, 2009), then being a member of WIC may actually help to prevent 
incidences of LBW. Similarly, previous research has shown that infants born to WIC 
participants weighed more than infants born to non-WIC mothers (Owen & Owen, 1997). 
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In this study population, 15.32% of the mothers reported smoking during pregnancy, 
which is lower than what was reported in Ohio PRAMS for 2007 (18.0%).  Previous studies 
reported women who smoked during pregnancy had a much greater risk for having LBW infants 
compared to non-smokers with OR ranging from 1.3-4.0 (Windham et al., 2000; Raatikainen et 
al., 2007; Chiolero et al., 2005; Andres & Day, 2000; Jaddoe et al., 2008).  The study population 
also showed a high risk of LBW births for women who smoked during pregnancy (OR=1.64­
2.31). Like previous studies (Windham et al., 2000; Chiolero et al., 2005; Jaddoe et al., 2008) 
this risk was also seen as a dose response relationship; those smoking the greatest number of 
cigarettes/day had the greatest risk of delivering a LBW infant. In the study population, this dose 
response relationship although significant (1-10 cigarettes per day, OR=1.64; 11-19 cigarettes 
per day, OR=1.92; ≥ 20 cigarettes per day 2.31) was not as pronounced as what some previous 
research reported (1-9 cigarettes per day, OR=1.7; 10-19 cigarettes per day, OR=3.5; ≥ 20 
cigarettes per day, OR=4.0) (Chiolero et al., 2005).  
The results of the one-way ANOVA analysis demonstrating the effect of when a woman 
smoked during pregnancy had on infant birth weight is similar to previous research (Smith, 
2011). In the study population women who quit smoking prior to pregnancy or during the first 
trimester had infants with similar birth weights born to nonsmokers.  However, mean infant birth 
weight significantly changes for women who quit smoking during the second trimester or women 
who continue to smoke through the third trimester compared to nonsmokers and women who 
quit prior to pregnancy. The analysis for this study population stresses that the timing of 
smoking during pregnancy can have different effects on infant birth weight.  This analysis only 
compared when women smoked during pregnancy and infant birth weight and did not take into 
consideration the women’s demographic characteristics.
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This study does have a few limitations.  There are other factors that can influence infant 
birth weight that were not taken into consideration such as the mother’s weight and weight gain 
during pregnancy, mother’s alcohol consumption, mother’s nutritional intake, and pregnancy 
complications.  Also, the demographic characteristics and smoking status obtained for this study 
were all self-reported.  Under reporting could be an issue and would affect the results. 
Since this study was only conducted for Montgomery County, Ohio, in order to confirm
the results it would be beneficial to compare similar patterns in a broader study or in a 
demographically similar county.  In addition, it might be helpful to look more comprehensively 
at other issues that could impact a mother’s smoking status or infant birth weight.  A mother’s 
social support, culture, and access to health care before and during pregnancy can all have a 
significant impact on her pregnancy outcome. 
Conclusion 
LBW infants are linked to higher incidences of morbidity and mortality compared to 
normal birth weight infants.  This study concludes that smoking during pregnancy increases a 
woman’s risk of having a LBW infant.  Women who smoke need to continue to be educated 
about these risks and encouraged to quit smoking if they become pregnant.  Programs 
specifically designed for smoking pregnant women which would teach them possible 
consequences of their actions and provide support to quit smoking would be highly beneficial.  
Additionally, the information provided by this study can help health care providers target 
specific demographic groups with these smoking cessation programs.   
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